The aim of this work was to assess the usefulness of hydatid cyst fluid (HCF) of Echinococcus granulosus, obtained from mice experimentally infected with hydatid cyst tissue homogenates, for the serodiagnosis of cystic echinococcosis (CE) in humans. The sensitivity and specificity of HCF obtained from mice for the detection of immunoglobulin G (IgG) antibodies in the sera of CE patients were compared with those of HCF from sheep and/or from a human CE patient by using immunoblotting (IB) and an enzyme-linked immunosorbent assay (ELISA). HCFs obtained from three different host species all were highly useful for immunoblotting, and sera from 19 (95%) of 20 CE patients equally recognized the antigen B subunit (approximately 8 kDa). HCF from mice showed a cross-reaction with 9 of 20 alveolar echinococcosis (AE) sera (45%), whereas HCFs from two other host species cross-reacted with 14 of the AE sera (70%). Although 2 (10%) of 20 sera from neurocysticercosis (NCC) patients were false positive with HCF from both sheep and humans, none of these sera showed a positive reaction with HCF from mouse origin. ELISAs with HCFs from both mouse and sheep origins detected all 20 CE and AE sera; however, these ELISAs showed 45% (9 of 20) and 60% (12 of 20) false-positive reactions with 20 NCC sera, respectively. The presence of nonspecific human IgG in HCF obtained from a CE patient prevented us from applying it to the ELISA. HCF of E. granulosus, obtained from laboratory mice with a secondary infection with hydatid cyst tissue homogenates, appears to be highly useful for the serodiagnosis of CE in humans and may be useful in domestic animals.
Cystic echinococcosis (CE), caused by infection with larval
Echinococcus granulosus, has public health importance not only in areas of endemicity but also in countries or regions without endemicity due to the migration of infected people (1, 7, 13) and livestock exchanges. Movement of infected livestock also raises the potential for transmission, creating new areas of endemicity. Immunodiagnosis of CE is commonly performed as a primary screening test with crude antigens and a confirmatory test with specific antigens (8) . For preparation of such crude or purified native antigens, most researchers collect hydatid cyst fluid (HCF) from naturally infected intermediate hosts, such as sheep, cattle, horses, camels, pigs, or moose, or from CE patients (4, 5, 6, 9, 10, 15) . However, the nature and quality of the antigens are variable among the host species (11) . This may be one of the reasons why different laboratories obtain different results for the detection of anti CE antibodies with antigens prepared from different host species. In order to standardize the origin of HCF of E. granulosus, we have investigated the antigenic quality of HCF prepared from mice experimentally infected with hydatid cyst tissue homogenates and have evaluated its usefulness for the serodiagnosis of CE in humans.
MATERIALS AND METHODS
HCF was collected from cysts (2 to 3 cm in diameter) developed in ICR female mice after 12 months of secondary infection with hydatid cyst tissue homogenates originally obtained from a sheep naturally infected with E. granulosus in China. For comparison of reactivity, HCF from naturally infected sheep was obtained at a slaughter house in Urumqi, China, and HCF from a patient at Osaka Red Cross Hospital, Osaka, Japan, was obtained from a 16-year-old Chinese boy living in Osaka. Twenty serum samples from surgically confirmed CE patients were obtained from Australia; 20 serum samples from alveolar echinococcosis (AE) cases were obtained from Asahikawa Medical College, Asahikawa, Japan (n ϭ 10) and from the Centers for Disease Control and Prevention (n ϭ 10); 20 serum samples from neurocysticercosis (NCC) cases were obtained from Korea (n ϭ 10), China (n ϭ 7), and the Centers for Disease Control and Prevention (n ϭ 3); and 7 serum samples were obtained from healthy Japanese donors. An additional 30 individual normal serum samples from Japanese students were used as negative controls for determination of the cutoff values of the enzymelinked immunosorbent assay (ELISA).
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis and immunoblotting were carried out as described by Ito et al. (6) with commercially available precast 4 to 20% polyacrylamide gradient gels (01026, for two dimensions with a 6-cm width; Tefco Co. Ltd., Tokyo, Japan) under reducing conditions. A prestained low-range marker (Bio-Rad) was used for monitoring electrophoresis and transblotting. Approximately 150 l of HCFs prepared from mice, sheep, and humans was loaded into large sample wells with a width of 6 cm. Electrophoresis was carried out at a constant 20 mA for approximately 90 min. Transfer to Immobilon transfer membranes (polyvinylidene difluoride; Millipore) was carried out at a constant 40 mA for 15 h. Immunoblotting was carried out with human sera at a 1:50 dilution. Horseradish peroxidase (HRP)-labeled polyclonal antibodies against human immunoglobulin G (IgG) at a 1:1,000 dilution were used as a conjugate as reported previously (6) .
The ELISA was performed as described by Verastegui et al. (15) with slight modifications. Briefly, 96-well microtitration plates (Nunc; Nalge Nunc International, Roskilde, Denmark) were incubated with 100 l of HCF/well (diluted in 10 mM carbonate buffer [pH 9.6] in order to give protein concentrations of 1.2 g/ml for the detection of E. granulosus-specific total IgG and 10 g/ml for the detection of E. granulosus-specific IgG subclasses) overnight. Excess antigen was removed by washing the wells five times with phosphate-buffered saline-Tween 20 (pH 7.4; containing 10 mM Na 2 HPO 4 , 1 mM KH 2 PO 4 , 140 mM NaCl, 3 mM KCl, and 0.05% Tween 20), and then blocking was done with 250 l of 1% casein in 140 mM NaCl-200 mM Tris-HCl (pH 7.6) at 37°C for 1 h. The wells were dried, and 100 l of serum samples at a 1:200 dilution in 1% casein buffer was loaded into duplicate wells and incubated for 1 h at 37°C. Positive and pooled negative control sera were used in each plate. After 1 h of incubation, the plates were washed with phosphate-buffered saline-Tween 20 as described above, and 100 l of HRP-labeled polyclonal antibodies against human IgG (Zymed Laboratories) at a 1:1,000 dilution in 1% casein buffer was loaded into all the wells and incubated for 1 h at 37°C for the detection of E. granulosus-specific total IgG. For the detection of E. granulosus-specific IgG subclasses, 100 l of HRP-labeled monoclonal antibodies against human IgG1, IgG2, IgG3, or IgG4 (Zymed Laboratories) at a 1:250 dilution was loaded into respective wells and incubated for 1 h at 37°C. The plates were washed as described above to remove the excess conjugate. For color development, 2,2Ј-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid; Sigma) was added to each well as a substrate (0.3 mg/ml, 100 l/well), and the reaction was terminated after 15 min or after 25 to 30 min by the addition of 100 l of 1% sodium dodecyl sulfate solution to each well. The absorbance at 405 nm was monitored with a Bio-Rad microplate reader (model 450). The cutoff points were established as two times and three times the optical density of a pool of serum samples obtained from 30 healthy donors and reacted with HCFs from mice and sheep, respectively (17) .
RESULTS AND DISCUSSION
Immunoblotting with HCF antigens from mice, sheep, and humans (Fig. 1A to C, respectively) showed very similar patterns of recognition by almost all of the CE sera. As described in previous reports (6, 10, 11), the smallest subunit of antigen B (8 kDa) is highly sensitive and is expected to be Echinococcus genus specific (6). Our immunoblotting results obtained with HCFs from three different host origins (summarized in Table 1 ) indicated that 19 (95%) of the 20 confirmed CE sera reacted with the antigen B subunit (approximately 8 kDa) in the HCF. The HCF from a human CE patient showed a relatively stronger positive reaction (Fig. 1C) . This result appeared to be due mainly to its higher protein concentration. Antigen B in HCF from mice was recognized by 9 (45%) of 20 AE sera, whereas antigen B in HCFs from both sheep and humans was recognized by 14 (70%) of the AE sera. Although antigen B of HCFs from sheep and humans showed a cross-reaction with two (10%) of 20 NCC sera, antigen B of HCF from mice was not recognized by any of the NCC sera. According to our observations, the immunoblots used to detect antibodies against the antigen B subunit (8 kDa) in HCFs from three different host origins exhibited almost the same sensitivity for the diagnosis of CE. The HCF from mice appeared to be more specific for CE or for echinococcosis at least, with the fewest nonspecific background banding patterns (Fig. 1A and Table  1 ). When we applied HCFs from three different host origins in the ELISA, HCFs from both mice and sheep showed very similar results with all 20 CE sera and all 20 AE sera ( Fig. 2 and Table 1 ). In agreement with other reports (11, 15) , HCFs from both mice and sheep exhibited relatively higher levels of cross-reactivity (45 and 60%) with NCC sera, respectively. This result may have been due to the presence in HCF of some components other than antigen B that are homologous to antigens of the closely related parasite Taenia solium.
When we used HCF from humans in the ELISA, we were unable to differentiate the negative control from the positive control due to the presence of nonspecific human IgG components (16) . Since the nonspecific human IgG in HCF obtained from a CE patient may also be used to coat ELISA microplate wells together with the HCF, it then can be recognized by an anti-human IgG conjugate without incubation with human serum. Many nonspecific bands were detected in immunoblots probed with normal sera, as illustrated in Fig. 1C . Hence, HCF from CE patients cannot be used in an ELISA to detect antiEchinococcus antibodies in humans. Although hydatid cysts which develop in laboratory mice are typically sterile, they can produce antigen B (12) . In addition, there was no critical difference among HCFs obtained from mice, sheep, and humans in their ability to detect specific IgG antibodies in CE patients. Furthermore, HCF from mouse origin showed less or no cross-reaction with serum samples other than those from echinococcosis cases in either an ELISA or an immunoblot system, respectively. In order to confirm the applicability of HCF of mouse origin for serodiagnosis in humans, the dynamics of E. granulosus-specific IgG and IgG subclasses in serum samples obtained from a CE patient prior to surgical resection and at 45 days and 1 year after surgical resection were monitored by an ELISA. Gradual decreasing specific IgG titers were observed (Fig. 3) . The titers of IgG1 and IgG4 decreased from 1:3,200 to 1:200 while those of total IgG or both IgG2 and IgG3 decreased from 1:1,600 or 1:800 to undetectable 1 year after resection. As E. granulosus-specific IgG1 and IgG4 titers are usually higher than other IgG subclasses in CE patient sera (14) , dynamic changes in the titers of these IgG subclasses are expected to be useful for monitoring CE prognosis. This strategy seems to be effective when mouse HCF is used as the antigen.
In conclusion, the advantage of using HCF of E. granulosus from mice is that mice can be maintained in the laboratory under controlled conditions for a standard inoculation period, allowing for standardization of the quality of HCF. A more uniform standard of mouse HCF may offer advantages for the primary screening of both CE and AE until other sources of antigen, such as recombinant antigen B (2) or its synthetic peptides (3), become available for routine use. 
